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Abstract 
Based on the large space factory fire experiment, comparison of fire simulations was researched. A large space fire experiment 
was done in Huang Shan industrial park. In the study, the temperature of the smoke layer above the fire source was selected as 
the research object. Then the regional model and field model were established separately. And fire simulations respectively based 
on the two models were carried out .The results of the simulations were consistent with the experimental results with less 10% 
relative error. However, the temperature of the regional simulation was higher than the temperature of the field simulation. In the 
permissible error, both the two simulations can be used for the prediction and testing of the projects. 
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1. Introduction 
With the rapid development of economy, new theories, new technologies, new materials and new design concepts 
in architectural design have been widely used to meet the requirement of the exterior appearance and the building’s 
use function. For this reason, more and more complex large space buildings have been into our vision. However the 
fire safety problem of large space building becomes a serious international issue, causing more attentions from fire 
protection experts. In order to research and forecast the large space fire, the experts have been explored lots of 
theories and models. In those theories and models, the fire numerical simulations have been accepted by an 
increasingly number of researchers[ 1 ]. But due to the mechanical computation and numerical instability, the 
reliability of numerical simulations has been questioned by some academics. Based on the fire experiment in Huang 
Shan industrial park in XU Zhou, the regional model and the field model were established separately in this paper. 
Taking the temperature of smoke layer above the fire source as the research object, the fire simulations based on the 
two models were respectively carried out. Then the differences and the acceptability of these simulations were 
discussed. 
2. The Huang Shan industrial park 
The fire experiment was carried out in a large space factory which was a single steel storey plant located in 
Huang Shan industrial park in XU Zhou city. The construction area of the factory was 1800.00 m2, with 60.00 m 
east-west length and 30.00 m north-south width. The plan and the elevation drawing were shown in Fig.1~Fig.2. 
Fig.1.The plan drawing of the factory building Fig.2.The elevation drawing of the factory building 
2.1. The experiment design 
The experiment equipment shown in Fig.3 consisted of fire resource (8 plates filled with 5 kg diesel fuel), wire 
cable, K thermocouple, CELTRON STCS tension and compression weight sensor and Agilent34970A data collector. 
Place the fuel plates on the wood block and then connect the weight sensor with the data collector as Fig.3. In the 
whole experiment, the windows and doors were shut down and the laboratory personnel collected the experiment 
data. 
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Fig.3. the equipment of fire experiment 
2.2. The experiment result 
The data of the experiment was collected at 15:47:00 on the February 28, 2009. The fuel plates were fired at 
15:49:24 and then the windows and doors were shut down at 15:49:30. The experimental phenomena and the data 
were shown in Tab.1, while the smoke spreading and the temperature of the smoke layer located 8.50 m above the 
fire source were shown in Fig.4~Fig.5. 
Tab.1.Experiment phenomena 
time after ignition/ s experiment phenomena 
129 The average height of the smoke layer above the ground was 6.50 m. 
215 The average height of the smoke layer above the ground was 6.00 m. 
441 The average height of the smoke layer above the ground was 5.00 m. 
811
The height of fire flame was 3.00 m; 
The average height of the smoke layer above the ground was 3.75 m 
927
The average height of the smoke layer above the ground was 3.00 m; 
7 fuel plates fire became unstable and weak. 
1170 1 # fuel plateǃ2 # fuel plateǃ3 # fuel plateǃ6 # fuel plate and 7 # fuel plate were extinguished. 
1299 1 # fuel plateǃ2 # fuel plateǃ3 # fuel plateǃ4 # fuel plateǃ6 # fuel plateǃ7 # fuel plateǃ8 # fuel plate were extinguished. 
1387 All fuel plates were extinguished. 
652  ZHANG Guo-wei et al. / Procedia Engineering 11 (2011) 649–657
Fig.4.The spreading of smoke in the experiment 




      
WLPHW
WH
PS
HU
DW
XU
H
ć
Fig.5.The temperature of smoke layer above 8.5m fire source 
2.3. the experiment result analysis 
From the tab.1, the average height of the smoke layer above the ground decreased rapid in the 811s after ignition. 
At 441s after ignition, the average height of the smoke layer above the ground dropped to 5.00 m, while the average 
height of the smoke layer dropped to 3.75 m at 811s after ignition. And at 927s after ignition, the height of the 
smoke layer reduced to 3.00 m. At 927s after ignition, 7# fuel plate was extinguished, as a result the heat release rate 
decreased. At last all the fuel plates were extinguished at 1387s. As shown in the Fig.5, the temperature of the 
smoke layer above the fire reached the maximum temperature 275ć  at 750 s after ignition. And then the 
temperature of the smoke layer became to decrease and at last the temperature dropped to 100ć at 1200 s. From the 
experiment phenomena, the three stages of fire development, early stage of fire, comprehensive development stage 
of fire, extinguished stage of fire were on the display in the experiment. 
3. Numerical simulations on the Huang Shan industrial fire experiment 
3.1. fire growth model 
Given the experiment, the researcher found that the heat release rate of fire changed over the time [2] after ignition 
and the heat release rate generally grew over the time of exponential. So the researcher called this fire was square-
time fire [3,4]. The heat release rate was defined by 
 (1) 2Q t= a
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Where  was the fire heat release rate, a  was the fire growth index and t was the fire development time. Q
Different combustibles have different fire growth indexes. As shown in theTab.2, according to the different fire 
growth index, the fire could be divided into super-fast growth fire, fast growth fire, medium growth fire and slow 
growth fire[5].
Tab 2.The table of fire growth index[6,7]
Fire type Super-fast growth fire Fast growth fire Medium growth fire Slow growth fire 
Fire growth index 0.1876 kW·s-2 0.0469 kW·s-2 0.0117 kW·s-2 0.0029 kW·s-2
Typical combustible 
Methanol fire/ 
Alcohol fire/Gas fire/Rapid 
combustion soft roll fire 
Mailbag fire/ Plastic 
foam fire/Paper skin fire
Cotton fire/Sofa 
fire/Mattress fire/Sponge 
fire 
Rough wood fire/ 
Plank fire 
According to the Tab.2 and the data of Huang Shan industrial park experiment, we could define the fuel plate fire 
as super-fast growth fire and the growth index of fuel plate would be 0.1876 kW·s-2. So the mathematical model of 
fire development in experiment could be described by 
 (2) 20.1876Q = t
In order to be convenient to the experiment research, the temperature of the smoke layer above the fire source 
was selected as the research object. Based on the simulation theory and the data from the experiment, the 
simulations were carried out. 
3.2. The regional model simulation 
The basic idea of the regional simulation believes that the indoor air could be divided into the upper hot smoke 
layer and the lower cool air layer. And the nature property of these two layers would be uniform[8]. For the upper 
smoke layer, if we neglect the work done by the hot gas expansion, the energy of the upper smoke layer could be 
defined by 
0
( )u u u p
c p
d Z A T C
Q mC T
dt
ρ
= +    (3) 
In the data processing, the upper smoke layer was deemed as ideal gas and had the same property of atmosphere 
air. According to the ideal gas law described by 
0 0u uT Tρ ρ=  (4) 
and
( )udZ d H Z dZ
dt dt dt
−
= = −  (5) 
Then the formula 3 could be changed into formula 6 
0 0 0( )p c
dZ
pA T C Q mC Tdt
ρ− = +  (6) 
Where Zu was the thickness of the hot smoke, Z was the height of the smoke layer, A was the area of the large 
space building, t was the fire development time, uρ was the density of the hot smoke, was the density of 
surrounding air, was the temperature of the hot smoke layer, was the specific heat capacity of smoke, m was 
the mass flow of plume, was convection heat flow and was the height of the large space building. 
0r
uT pC
cQ H
According to the Zukoski experiment,,when the heat release rate of fire is invariable, 
1/3 2/3 3/ 20
3
0 0
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= + H  (7) 
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when the heat release rate could be described as ;2Q tα=
1/3 5/3 2 /3 3/ 2
3
0 0
[0.075( ) ]
p
gZ t
C T A
α
ρ
− −
= H+  (8) 
From the McCafferey experiment, a formula applied by CFAST simulation software was proposed to describe 
the stable flame, the intermittent flame and the smoke flow mass defined by 
0.566
2/5 2/50.011 ( ) 0.00 0.08c
c c
Z Zm Q
Q Q
= ⋅ ⋅ ≤ <  (9) 
0.909
2/5 2 /50.026 ( ) 0.08 0.20c
c c
Z Zm Q
Q Q
= ⋅ ⋅ ≤ <  (10) 
2/5 2/50.124 ( )1.895 0.20c
c c
Z Zm Q
Q Q
= ⋅ ⋅ ≤  (11) 
Take no account of the heat transport between the hot flue gas and wall, the average temperature of the smoke 
flow could be calculated by  
c
P a
p
QT T
mC
= +  (12) 
Where PT  was the average temperature of fire plume and  was the room temperature. aT
According to the regional model theory and the experiment data, the mathematical software MATLAB was used 
to program to compute the temperature of the smoke layer. The procedures and the operating results were shown in 
Fig.6 
From the Fig.6, we could have a conclusion that the temperature of the smoke layer above the fire increased with 
time and that temperature reached 288.5ć at 750s after ignition. 
Fig.6.the code of MATLAB and the result based on the mode of regional model 
3.3. The field model simulation 
Although the fire is a very complex process, the smoke parameters in fire could still be calculated by hot gas flow 
equation and heat transfer equation. By field model simulation, the smoke’ parameters at one spatial point at some 
time could be computed[8].
In this paper, FDS5 was used to predict the smoke movement. FDS (Fire Dynamics Simulator) software is 
designed by NIST (National Institute of Standards and Technology) to compute the field model simulation. The 
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research object of FDS was fluid movement in fire. So it could be applied to predict the transport of smoke and heat 
in fire[9].
The simulation model was established based on the factory fire experiment. In the fire setting, the fire source was 
located in the middle of factory and the combustible was diesel fuel. And the fire growth model was considered as 
super-fast growth fire with 1.473 MW heat release rate. Then put the fire setting into FDS and run the software. The 
temperature of the smoke layer 8.50m above fire source was recorded by thermocouple in FDS as shown in Fig.8 
and the temperature slice of smoke layer was shown in Fig.9. 
fire
Fig.7.The mode of the factory building 
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Fig.8.The temperature of smoke layer above 8.50 m fire source 
50 s 
100 s 
300 s 900 s 
Fig.9.The temperature slice of smoke layer 
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4. The comparison of numerical simulations and experiment result 
Taking the experiment result as the true value and comparing these two numerical simulations (shown in Tab.3), 
we could find that the temperature of smoke layer 8.50m above fire source computed by regional model was 13.5 ć
higher than the experiment result, with 4.91% relative error. And we also would find that the temperature calculated 
by field model was 25.0 ć lower than the experiment, with 9.09% relative error. 
Tab.3.The comparison of two numerical fire simulations 
Numerical simulation result The temperature of smoke layer above 8.50m fire source/ć Absolute error/ć Relative error 
Regional simulation result 288.5 13.5 4.91% 
Field simulation result 250.0 25.0 9.09% 
From the comparison of numerical simulations and experiment result, one conclusion could be made that both of 
these two numerical simulations could be used to predict and simulate the building fire with allowed error. In the 
regional model simulation, two assumptions were made that the indoor air was divided into the upper hot smoke 
layer and the lower cold air layer with uniform nature property and there was no heat transport between factory and 
outdoor. Because of these mechanical assumptions, the calculated temperature was higher than the experiment value. 
But for the field simulation, the grid of FDS has some influence on the result accuracy. The larger the grid was, the 
lower the computed temperature would be, so the grid should be set scientific to match the fire scene in the field 
model simulation. 
5. Conclusion 
1) Pool fire growth model could be described as super-fast growth fire and for the 1.473 MW fire heat release 
rate, the temperature of smoke layer 8.50 m above fire source would reach 275ć . 
2) Two numerical simulations results are close to the experiment value, with less than 10% relative error. So 
both of these two numerical simulations could be used to predict and simulate the building fire with allowed 
error. 
3) The heat transport between the factory and outdoor was ignored in the regional model, so the smoke layer’s 
temperature computed by regional model simulation was 13.5 ć higher than the experiment result. While 
the temperature calculated by field model simulation was 25 ć lower than the experiment data for the grid 
setting, thus the grid should be conform to the fire scene in the field model simulation. 
4) Although the regional model simulation was easier and more efficient than the field model simulation, the 
regional simulation was difficult to achieve complex fire scenario simulation. On the contrary, the field 
simulation could effortless model these complex fire scenarios with an accurate result.  
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